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rrtiposoto for the use of live attenuated human Iraimmodefidtnvy virus (ITTV) Cypt 1 (IirV-l) ** » v-eeine 
candidate in human* bav« boon ba*til on Ibe proluctlun «lforded hy attenuated simian Ira rau no deficiency vinis 
^ the macaque model. Although it is not y.t known if this struts could succeed l ? humane « study of the 
Sydney Blood Bunk Cohort (SDRC), inf«Urf with «n alte(»uaKd HIV.J quasupecies with natural ntf and 
nrffkuil! terminal repeat deletions for up to 17 years, coold provide insights into lh« long-term linniiinolagluHl 
^sequence, of living with an attenuated HIV-t Infection, In this study. HIV-spcclrtc cjtnxfc T-lympho*te 
fCTL) response in On SBnc dottnr and six recipient wcr« examined over a 3 year period with enzyme -linked 
Lmutinspot, tetromerlc complex binding direct CTL ly.is, and CTL p recur* or level {"hn.nues. Slronc 
HlV-specific CTL nanwsu w«r* ,UUctft4 In Tour of seven patient*, including one patient with on undetectable 
"^10^^, of seven patient* had weak CTL responses, nnd In one recipient no H™.*edR< CTl^ were 
detected. High levels- or circulating effector and memory IHV-specirtc CIXj can be maintained for prolonged 
periods in these patients despite very low viral loads. 



Live attenuated vaccines are regarded as iho most efficient 
means for inducing sustained protective cytotoxic T-lympho- 
cyle (CTL) responses against human immunodeficiency virus 
type I (HIV) type 1 (HIV-1) (13, 19). Despite serious concerns 
rnised in a study demonstrating the pathogenicity of attenuated 
(iwinn Immunodeficiency virus (SIV) infection in neonatal ma- 
caques (2), an extensive urniy of SIV mutants with level* of 
nltenuHtion rnnging from partial to complete has been devel* 
oped (14, 15). Strong nnd persistent CTL response! in ma- 
caques infected with two of these attenuated mutants for more 
than 6 years have been demonstrated (19), nnd infection with 
either or these strains has resulted In protection against chal- 
lenge with pHthoKcnic SIV (11, 49), Furthermore, it has been 
demonstrated that these attenuated SIV itralns are not verti- 
cally transmitted and thwt puthogenic infection In neonatal 
macaques was restricted (two of three macaques) to a high oral 
dosage In neonates horn to unvaceinatcd macaques (SO). Al- 
though Ihe use uf this approach in humans has not been- at- 
tempted for HTV infection, various studies hnvu demonstrated 
an Association between infection with nr/-defective viral strains 
and the npparent lack of disease progression (12, 20, 31, 43). In 
particular, a study of individual infected with on attenuated 
tu:f and ne//iotig terminal repeat deletion strain of HIV-l 
through blood transfusion from a single donor (the Sydney 
Blood Bank Cohort [SBfiC]) (12, 27, 28) could provide insights 
into the hing-term immunological cotuequencos of living with 
hu attenuated HrV-1 iffteclion. The findings of this study 
would he of crucial interest to the growing number of physi- 
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clans currently prepared 10 volunteer In a trial of live attenu- 
ated HJV a* a vaccine candidate (9). 

There Is /substantial evidence supporting n role for HIV- 
specific CTLs in (he containment of HIV replication and for 
stimulating memory CTLs as part of a prophylactic vaccine 
strategy. The Appearance of CTLs during primary HIV-l in- 
fection has been associated with the Initial control of viiemiw 
and lite resolution of symptoms (5, 25), and it is evident thai 
CTLs exert strong selective pressure on Iho virus at an early 
stage of infection (6). High levels of CTLs have also been 
assucinlcd with the ongoing control of vlremla and the lack of 
disease progression In asymptomatic individuals (7, 22, 39), 
and although CTL* continue 10 e*ert Urong elective pressure, 
their ultimate failure to respond to escape mutanlB in associ- 
ated with symptomatic disease progression (17, 24), Recently, 
we used highly sensitive effector CTL-binding tetrameric com- 
plexes to demonstrate a significant inverse correlation between 
the level of circulating effector CTLs and Ihc plasma load' of- 
viral RNA (36). 

It was* demonstrated recently that CDS* T lymphocytes 
from recipients In the SBBC are less activated than those in 
other long-term HIV- 1 -Infected individuals and that ihe sllgtit 
elevation in the level ol these activation markers was associ- 
ated with individual* In the cohort with a detectable plasma 
viral load (52). Wc now report the levels of HIV-l-fpeciHd 
metnuiy and elector CTLs In members of the SBBC studied 
over a 1.5- to 3-year period. Wc measured levels of CTL 
precursors (CTLp) by using limiting-dilution analysis (LDA) 
Hnd direct lysis by freshly isolated peripheral blood mononu- 
clear cells (PBMC) of recombinant vaccinia virus-infected tar- 
gets, Wc measured levels of effector and memory CTLs against 
various HI V-1 determinants in freshly isolated PBMC by using 
HLA-npecific tctrnmcr-binding hsswys Hnd enryme-linked Ihi- 
munospot (EUSPOT) assays, Pespite 13 to 17 years of Infec-; 
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TABLE i. Anolyiis of T-eell counts and vlrid load in the SB BC during the study period" 
Count (eelU/uJ) ofc 

Sex* 



CP* 



CDS 





Mt-un 


Slop* 


Mem 


Slope 


M 


466 


-61 


l t 024 


-►21 


M 


732 


-138 


L.511 


+ 19 


M 


1,205 


-197 


1.7S7 


-295 


M 


561 


-57 


818 


-50 




971 


-6* 


468 


+ 16 


F 




+ 11 


905 


-40 


M 


m 


-66* 


498 





CD4/CD8 rutio 



0.46 
0.48 
0.69 
0,69 
2.07 
0.99 
1.00 



Vi/fcl I o*d (cx>pics/ml) 



Mean 



3,320 
1.810 
2,148 
653 
<2O0 
<200 
<200 



" Mems were calcined (ton. all avdUbb data taken during, the .tudy perM. $lftp*i repiwMtl the yc.rfy chon { * during ttu> .-udy period. 
*" M. male; f. feinnl*. 



Slope 



+ t f 5O0 

+h 

4:232 
-77 
. 0 
■0 
,0 



lion with an attenuated Strain of HIV-l, ttrong CTL responses 
were detected in four of seven SBDC patients; two of these 
four individuals had very low and undetectable viral loads, 
respectively. 

MATERIALS AND MtTHODS 

Study «*bjt<tl. Stored I'UMC from (ho donor (D36) and fU recipient* In (he 
SBDC war* uiuilUd fn»m tramples collected between Mnrch 19vj uud Deaimber 
mi, ainlL-d duu taken from ihese time perUuW and HICa typing are ihown In 
TwIiIm 1 uud 1, mpcctivcly. The S0»C Knj huen described etjewhere (12. 27 
2A). An update of the current clinical jUIuj of the SBBC wru recently compiled 
(2 1 )) For the: pyrpoie* n| thi» study, we divided the SBDC on the boil* of the tfcvel 
d vlrcmtR in plwnw (<200 or >20O viral eoplea/mi), aIUioh viral load levels 
lly low in iho vlrenila-poalllve subgroup (mean. 1,980 eopleWml), thui 
viWt.Kifi wu.i .MocUtcd with the nWHty to Male virtu, incrcucd actrvailon of 
Ct)rt* T lymphocyte* (52), anil a gradual decline In abiolule numbers or per- 
ccntaget of CD4 ,r T lymph ncytei (2°)- . „.,.., 

T<liBm«r-litn<itnB avaji.Tho Mliy Jor lelramcr-blndluM cell* "cihly Uo* 
hired ruMC vox performed n previously described p, 36). Specific peptides (33, 
35, 37, 45, 46) used in iho comiruOmn of Iho tetramerlc cotupleaei or in (he 
EUSPOT a li ay if c tisictl in Table J. Bdcfly. PBMC were eentiifwged sit 300 X 
r for 5 mln ind reiinpeniM in 50 u.1 of oold phoaphalo^vtirvwl inline. PBMC 
uere Inu'balcd wiili Kifumcij *nd anllbodlc* on Ice djr 30 to <S0 mirt and then 
wnshtd Iwlce brftiro formaldehyde fixation. Trlple-vulrtr unalyiti* was performed 
wlih leif.-imer-lHiund phyoocryrhiin, nnil-CO^-Tricolor (Cslt^. BurUnfiime, 
Ciilil.), and &ml-CD33-Huor«celn ltOlnlncyan»lc (Dako. Carplntcria^ Calif.), 
PBMC were (hen iniiyzerf r 0 r the eipntnlon of cell jurfoce marker? (COH 
CD38) by \jie of a FAC$can wJlh CcllQueal lofr**re (Rteurn OicWmon. San 
j W6 C'nllf,). 0:ii^ wcic applied lo contain >99.98* «om«l Mmplu. ConlroU 
fur the. leirnmers iududtd bo(h A'0201-nepiili« Individuals and A*020l-pwi- 
ilv B HrV*mi!ufcclcd douoii. The HmH uf *Ul.ect«m wa« 0.02% CDI* T ocll*. 

EUSPOT aiMnys. l!Ui>POT a«tnyj *cro performed u previously iWrll»«d 
[16) PiirJIy, pvlyviuyluUna dlfluorlde-bseked 96-well pl.ilei (Mlll! r ore, Bed- 



ford, Mais.) were ctviied wiih anti-human flimnia Interfiron (IfN-^f) onllbody 
ovetnlBhi (Mablcch, Si i irk holm, Sweden). Pines were wnthed nnd blocked for 
1 b »v|ih RPMI iMil and 5» huniin lerum. Tarfiel celb (T7 c*IU for 1ILA-A2- 
poillivr Indlvidaalf or IOA-m»tohtd B-lympbocyte cell line? THf-CL] for Hb\- 
B8- or HLA-B)S-po.^illvc IndWidyalr) pjepolF«d with 1 opllope peptide 
(TulrU J) *ere plkted ot 10* «H|/weH Bffictor eclli (freshly iaolilcd PBMC; up 
lo 2..1 X 10'AveJI) were odded and intubated let 16 h it 37"C In 5% CO', Trw 
cclli were rerm/ved, P»d the plattf were Incubated with • blollnylMeJ monodo- 
nal antibodj lo human iFN-y (Mabicch) followed by ilreptavldln-nlkaljito phoj- 
pbalwc Spoil were OeWloncd by Incubition with d chromopnlc olkuline phoe- 
phatate iubstrul* (Blo-Rad Loboratories, tlcrculev, Cslir.). Roaulu : %i,e 
eipreiiecl oj. fptu fnrmini eelTi/IO* PBMC The limit «f daltctlon per well ww 
10W1U' I'BMC. 

Freahlj Iwtwled OT- awiiyf. Frwh unciillweri PBMC (tilleciori) were added 
lo rhuiid-boiloin 9<-well cvl(nre plnlos bI varloua conccnirationi to produefe 
effecl(ir/lfir0ct vilios ranclng frcm \W w» 12-5. TafjjeU eatpreailftf ccll-piocosed 
HI V-l -derived anliferu were nulCildgou-f Epilein-Bair virai-liaruformed BVCL 
Infedtd with 5 PFU or either n vnuclnia vims control (vac-UeZ) or lecomblnant 
vactinia vlrui eipfewlnf Ht V-Imo-dorivcd «mv, gat, pot, and ne/ (kindly 
provided VyTberign BIMojlta. Cambridfie. Mail.) per cell and Incubated over- 
nlchL ThU itep w fultowed by Incubation with rra/'Crf?^ (Amersham) for 2 h 
and three wn>hci l»efore 2,500 eelli were *d/Ud p*-r well. The plate* Were 
incubated tit 3TX Uit A U before JtipernntnnH wur* tiarvt.tled for p-partWe 
eounil»i;. Percent lysis w« calctjlaicd p> folluwji (axpcrlmenlal counU - 
dlum ctmlrrtl counli) X 100/(deter^ent t-ounu - medium control counts). M^U 
of cuniml vocefnia viiui-lnlccied PLCI- wn* J(ublrticl*d to yield ipecific tyily 
Medium conlfol eounti w er « between tO and 1596 detergent control counts. 
Low.tevel CTLieJulU (<10% specific \y%'ti) were induded, ilnce this level; of 
neilvlty has been show (36) »o vorttbtn with iub«u»tiiJ lelrnmer binding y 

LFJA of CTLp. Thn m«ihvd t*r quanllrylng HIV-1-inedlic CTl-p levtbi haj 
htM described eliewlicre a<). Briefly, two LDA ptilea were iet vp with PBMC 
(il J50 500 I 000 3,(I(JU, Ci.flnn. 12,000. and 16.000 per well; 7* repllcatceHn 
RPMI iM0iuppUm«"»tdw;th 15% fetil oalfaemm nnd 1WIU of intciIeoklH-2 
par inJ OammnMrr.Tllnied allogeneic PBMC (15 x 10*) and 0.1 nfi of inil:Cr>3 
antibody (clvne 12F6: noin J. T. Wont, MasaachuaetU General HoapUal, Do"»t 



Study lubjcct 


A 


3 


D36 


1.23 


8,18 


CI 8 


2,11 


44.0U 


C98 


2,28 


7.60 


C49 


2.11 


7,60 


C5t 


25,32 


18,35 


C64 


3,32 


7,44 


C135 


1.33 


- 50.57 



TABL-E 2. HLA restiiciion of CTLp end peptide ape dfldty in EUSPOT and tctramcr asjftys 

_A rem iet I 
r mined by 
CTL lyihr 



HIA typo KLA remietion lVnilde specificity for EUSPOT and 

determined by bulk (etramer-blndlne amy, 



BB Ong. A23 Fol B8 p!7 Gag (24-32): CCKKKYKLK 35 

B8 Nef (90-97): FLKEKGOL 33 

B60 Pol A2 Cub (77-85): SLYNTVATL 3J 

A2 Pol (47f5-484): ILKErVMOV 46* 

A3 nnd A2fi Oag A2 0*« (77-85): SLYNTVATL 37 

A2 nnd A28 Pol A2 Pol (476-4W): ILKEPVHOV 46 , ;; 

All Bltv, AH G.g A2 Gog (77-S5): SLYT^TTVATL 37^ 

6 A2 Pol (476-484): ILKEPVHOV 46,. 

Low nctivit/' B35 Env (77-d5): DPNPQEWL jS , 

B35 Pol (587-595): EP1VGAETF 45 .■ 

Low octlvlty NA r 

Low aclivity NA ■ 



- l.y»i* <if vsecini* vims-Infected UlA-matched BLCL panel; peptide ipedflclty 
* ),aw ficti^ity wej Jess than i0'A> upeclfic lyali. 
■" NA. pcptldee not ovallabW. 



rxt not detected. 
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irm) per ml were addcl w *dcU well. The medium w« chafed iw tee » wwk by 
removing h.ll of ih< .i.. r *nwl.m end leplwrliv. U *.lh .n eou.l volume Q M«* 
mrdhim and N liur» JromalnUtn* M U ^y. prior lo uiqji.S 'Cr 
itU w« numy* w*,e performtil, *hU il« effeelori rrom the LDA pliiUd Spill IU 
Me*?., «rc ,«H .jpbiH .utologou, * " 
tlJcribed »hovc The .t-ctnyn were pwfurmcJ w.th * BIOMEK-2000 robotic 
n^inr ccnlroU..! by pro^om. «rlu*« with BIOWORK5 .nf.wnr, (H«k n o« 

CTL oeiMiy die percent Jf^dfiv 1,?.* of auiotegoui ur(e| «U> 
IDA ..id « i IU% «norc than Ihnt nf »h« ey.7eipoBdii.fi oonlwl lMjp.1 c-lbj Aft" 
the wcllr wet classified is ellh*r positive or "•S 1 *" 6 lor 01 * °? v ' * 
mimb Mf »pi^t« ond ihi numhJi of native well. J» 0 P">: 

-^ton in Micron* E-«1 "cording to the nm m^j-hkcUhood method 
Kindly provided by S, K«l«n*. Mnsi.) 10 delate the CTLp level nm! 

pecm"cT, P p U-. fl &, with b^ronnd CTT.« , fl ,ln»« c^«r,l 

orrcrillonil limlr ot detention In Uitie ownyi w« 10 CTLp/10 PflMC. 
7llA rturittipn «r CTLp ruponiu. PPMC wcro fllmutiied end ttilivnrd 
under Ihc »i.m« K»'*Ui c^diltom as "«d fnr the CTXp «sap *"d KjUtl 
' i?„. L\L Liuirv BM1 in 4l vawlhia vlru*-lnreded inre.li. CuKurdi *llh CTL 



Vi.al l«d W ~m*nu lla.mJV.iel toad <Rf*A « P i«. per milblllef) w« 
««e*ied by PCK wlih nn Amptiow HIV Monitor Mt (*Md.e, B.indibura. KJ.) 
tn ftM rdDnc*wi(hil.«:mtllifuii»pcelHc.dbythein.mufftclurcr. 

T*m»faocytt count*. Whdo blood counli and W 10 "" 1 !? 
T-ccll iiib^-li we« performed by ilnrtditrd mttlhnds (52). CD4J and U>B 
lymphocyte w.r. dcurmlncd by dhect immunofluoiwctnce wtth mormUmn 
0 n.lbmU« tt y:.mAl CD^ and CD* (Orlhrt Db»«oilloi. Ins.. Roillan. N.J., i-wi 
Oo.-t.rc ElccTnuiieji. Xnc, Hlaleah, M..)- The umplei were onAlywd w, a« ^ 
V flow ejioinoitr (OwilwO «^pro»«l « number* uf CO* m CDB celli 
per microliter vf wbiilc liirn J. 

RESULTS 

HIV- 1- specific CTt r«poime» frotn individual** In the SBBC 
were studied over a 1.5- to 3-year period up to the end of 
with Ihe exception of recipient CIS, discussed below. The 
mean nnd yearly change (Mope) in T-ccll count? and plasma 
viml KNA load are summiirized in Tahle L Smcc these d»ta 
apply only to the time period of this study, there fire minor 
difference* between the current atfseaSroenl of long-term trends 
in the data and an asseMm*i« reported elsewhere (29). In this 
study thu individuals were sorted aceurding to the presence of 
detectable plasma, viral RNA (Table 1). Samples from individ- 
uals without detectable viremiq were furthermore below the 
detection limit (-^20 copies/ml) when the Roche ultrascnsilive 
PGR ussoy was performed (icsults not shown). 

Ill'V-l-spedfic CTL responses ore detected in th« dunoranil 
rvL'tpUiits wtth dctectnble plnsmn viremU. Re^ulLj from the 
four individuals (the donor and three of the recipients, OR, 
C54, and C98) with dotectnble plasma viremia ttrc shown in 
Pio J. The presence and quotitity of circulating memory and 
activated effector CTLs were accused by IFN-^ ELISPOT 
assays, HLA-A2-speclMc tetramer binding, direct lysU of autol- 
ogous B-lymphocytc cell line? exprewlng HIV-l-dorivci] 
epitopes ErOm recombinant vaccinin virui by cryopre.«rved 
PBMC, and LDA. 

Donor 36 hnd Ihc hifcheat viral load of the individual* stud- 
ied and, over the lime course of Die CTL measurements, had 
one spike of plwsmH viremla. This spike was «s$0ciaied with on 
increflje in the level of direct effectors a gainst pot determinants 
(Fin. 1C). Bused on bulk CTL cultures, this: P«**P ec * fi< L r «; 
ipnnae wor HLA-A23 restricted (Table 2). Interestingly, D36 
showed a m/-specific ettector response, M indicated by the 
MLA-nH Ncf peptide rcuclivit.y in fcLTSFOT assays. However, 
sitae the Tol peptide was not included in this analysis, the 
ELISPOT assay-povitWe population, (reactive against HLA-BH 
gag and nef peptides) did not change In response to increwjinu 
vjmnia. "Die HlV-specific CTLp level, which measures purely 
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a proliferating memory cell pnpulatlon, was negative over the 
time course of the ,uudy; this fact may have contributed to the 
failure to adcquHtely contain viremia (Fig. IP f nd F ); 

Recipient ClB showed a dramatic increase in the level of 
KtV- 1 /Wspcrific memory CTLs, which increased 70-foW dur- 
Inn the a^urse of the study. ThU ^ 0 /-3pccific memory evet, 
nearly 1% oF the total PBMC level, la remarkable not only for 
\U rate of IncrcHse in tbe absence of significant changes in viral 
load (O.OOn copics/m!) but also because of the Bge(JS3 yean 
old) Of the Individual. The level of (n vivo -activated CTU (lysis 
of vol targeU) was low but incr easing; however, this foct wa-i 
not reflected in HLA-A2 pr>/- R pccific EUSPOT as^ay or let- 
rrtmcr-binding responses, since the /«?/-*peclfic response wan 
HXA-BaO specific (Table 2). ThU sample was the lwt available 
wmple from ClB, who died 3 months later, In November 1995. 
The oOicioi cause of death was bacterial pneumonia; however, 
a full autopsy found no evidence to suggest HIV-i-relnted 
disease progression (29). " ; 

HIV-speCific CVL responses in C54 were very wc«k, With 
low ELISPOT Hssny reactivity to the RLA-BH5 env peptide end 
a transient low ^-specific response on direct lysis. In conirastj 
the CTL responses in C9* were strong and broad, Including 

responses to j»c/tf. pal, « J ne f- The b, B h levcls m t < 
gHgrSpecific ELISPOT nssay wer* paralleled by high levels, of 

rur tetramer-staining cells. ...... , ... . 

Varinble HJV- 1 -specific CTL responses In individnals wilh- 
util detectable phsmn vircmla. Two of the three individuals 
(C49 and C64) with consistently undetectable pUtma vttcmia 
had detectable HP/-l-$pecinc CTL responses, Hlthough CTLp 
levcls in C64 were very low (Fig. 2). In C49 the incrcttses nt 
HLA-A2 ^-specific BLISPOT assay and telramer-bindlng 
rcaclivitie? were comparable with the gng.speciftc CTLp levels. 
The CTL response was broadly renelive, with bulk culture 
/i«ayfl showing HLA-AU env and gag specificities (Table -2) 
and ELISPOT assay and telramer-blnding results showing 
;HLA-A2-rcstricled responses. While the CTL responses in 
C49 could suggest active viral suppression, CTL response^ 
were either weak (as in C64) or absent (as in C135). We did rto< 
have the opportunity to measure CTL Hctivity in earlier sam- 
ples from th«e Individuals, so we cannot rule out the po*S> 
biliry that they showed a stronger CTL response at an earlier 1 : 
stage. However, the weak or absent response* would suggest 
that there was insufficient viral replication to maintain a mem- 
ory CTL response after long-term infection with Me/-dcfcchye 
1-aV-l In these (wo individuals. 

DISCUSSION . . 

The proposal to use live attenuated H1V-1 as a candidate 
vaccine Is a controversial issue due in part to the lack or direct 
compHiison between the macaque SIV model and human 
HlV-1 Infection. While recent progress has Seen made in urn 
dersttmding pathogenesis during infection wtth different cxper 
(mental strains of SIV exhibiting various levels of attenuation 
(15) and the immunological correlates of protection during 
• challenge with pathogenic SFV (19, 49), our study provides the 
first detailed insight into the long-term immunological conse- 
quences of infection with attenuated HIV-l in a group of 
humans. The S.B8C provides a unique model for live attenu- 
ated HlV-1 vacoinHtion in humans, in thai all mcmberK we re- 
infected with a natural attenuated strain or HIV- 1 nnd have 
low levels of plaNtna Uremia 13 to L7 years niter infection. We 
demonstrated that strong CTL response* (CTLp and/or effec- 
tor CTL) were detectable In four of seven individuals and that 
these were compHrublc to strong responses reported elsewhere 
with identical methods for other cuhorts infected with HIV«-I 
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(wild-type nKj) (36, 39) or (or levels of CTLs in response to 
experimental vaccination with live attenuated SIV In macaques 
(19). Although unable to demonstrate protection in the SfcBC 
against challenge with wild-type HIV-l, we showed that these 
CM. responses were durable «nd were associated with low 
levels of viremia. Since protection against challenge with 
pathogenic SIV In macaques has been attributed to a robust 
SrV-spccific CTL response to the vaccine itrain (19, 30), our 
observations may suggest that a similar outcome may be an- 
ticipated if this vaccine strategy Is attempted in humans, 

The lack of an effective HIV vaccine is the major Impedi- 
men l in containing the rising incidence Of new infections *een 
in poorer nation;;, mid although many individuals have re- 
spunded to this need by volunteering to test a live attenuated 
HIV vaccine (9), some efficacy and safety concerns must first 
be addrossed, The primary concern Is that attenuated SIV is 
pathogenic when given 10 neOnfltal maeaque* (2), suggesting 
that attenuated 1UV-1 may be pathogenic under certain con- 
ditions (neonates and ImmunOsupp retted individuals). This 
concern has been counteracted to some extent by a rcecnt 
study in which attenuated SIV did not cause vertical Infection 
and that the pathogenicity of StV mutants was restricted to 
only some neonate* born to unvftceinfttcd motherB (SO). In a 
different study, protective immunity In macaques vaccinated 
wilh partially attenuated SIV was demonstrated only with a 
vaccine strain that retained pathogenicity (30), Conflicting re- 
sults in which protection against challenge was observed In 
transiently infected animals in one study whereas ongoing viral 
replication was necessary for protection in another study have 
been attributed to differences in Study design (8, 49). While a 
unified approach to the design of SIV vaccine studies may 
resolve some of these differences, Uiere are also concerns that 
reversion of attenuation or recombination with wild-type virus 
could occur in vivo (47, 48). However, reversion to pHthogenic 
STV has not occurred in macaques infected with sufficiently 
attenuated SIV (<W a,1< * A«e/ v P r )> cvcn * fUr 9 * feAf * of 
nonprogressive infection {XA). 

Studios of the SBBC have addressed some nf these concerns. 
No raises of sexual transmission of the SBBC virus have been 
established, and because of the ages of the SBBC individuals, 
verlietd transmission was not an issue. We have demonstrated 
that attenuated HIV-l does not have any increased pathoge- 
nicity in elderly recipient*, who retain strong immune re- 
sponses to tills virus. Furthermore, vlrologleal and serological 
studies of Ihe SBBC have demonstrated that the original 
genomic deletions have In fact increased in site since Infecdnn 
(12, 18). This phenomenon h*$ also been reported in another 
loiig-lerm nonprogressnr with ntf deletion size increasing over 
time (20) as well as In macaques Infected with SIV Arte/ (21). 
The Ncf-specihc antibody reactivity for each member of the 
SBnC recognized all overlapping Nef peptide* except one 
(amino acids 162 to 177), which corresponds to the consensus 
nef deletion, suggesting that all other deletions occurred sub- 
sequent to the establishment of the antibody response (18). 
Antibody responses to the remaining Nef peptides were of a 
magnitude similar to those in cohorts of individuals with wild- 
type ntij\ including one peptide (amino acids 89 to 97) similar 
to the HLA-B8 Nef peptide used In this study, and the wilri- 
rype n*>/ sequence in P36 w»$ conserved in the region that 
encodes ihiv peptide (18). 

This study has shown that attenuated HIV-l elicits strong 
CTL response* that may be associated with low viral loads In 
certain individuals, as suggested by the responses in recipients 
C49 ami CVK. Although CTLp Were not detected In D36, the 
response to viral antigen In D36 (transient viral load peak at 
15.5 years postinfection) was effective, as seen by the Close 



association berween the rapid disappearance of the viral load 
peak and the persistence for ti months of pols peclflc direct 
lysis. The ability to generate 0 bulk CTL response hi D36 
despite absent CTLp may be due to the low cell input number 
(maximum concent™ tion, 16,000/well) In the CTLp assay; in 
contrast, approximately 5 x 10 rt PBMC were expanded tor 
bulk cultures, a fact which may explain the presence of effector 
CTU found by direct lysis and ELISPOT HSiays. Jn addition, 
CTL activity persisted in other members of the SBBC, despite 
advancing age (Cl8). However, some individuals In the SBBC 
tended to have lower viral loads with reduced tetramer binding 
when compared with other long-term asymptomatic individu- 
als (36). Either CTL* are more efficient at con trolling nef- 
defective HIV-l strains and are therefore not required at com- 
paratively high levels in the SBBC or, alternatively, the lack. of 
viral replication In the SBBC elicits lower levels or CTL activity 
in comparison with long-term infection with wild-type HI V-l. 

Lower activated CTL measurements could be associated 
with increased efficiency in controlling a /^/-attenuated virus. 
It has been shown that nef down-regulate* HLA class 1 surface 
expression (38, 4*), and this mechanism has been shown! to 
protect infected cells against CTL killing (10). However, de- 
spite potential down-regulation of class 1 antigens by nzf-pos* 
itive WfV-l. It has been demonstrated that CTLs are In fact 
capable of killing infected cells before the release of new viri- 
ons (51), and it has been recognized that even relatively weak 
CTL activity tan eliminate a large fraction of infected cells 
(23). Therefore, it is possible that CTL activity Is responsible 
for keeping plasma viremia below detection In C49 and below 
LO00 eoples/m! In C98 due to enhanced efficiency of CTLs in 
controlling ne/-defective HTV-l. ' 

On the other hnnd, failure Uy elicit strong CTL response* my 
C64 und C135 may be related to the lack of detectable viral 
replication, and further attenuation of the virus could further 
abrogate CTL responses. This idea may teem at odds with 
observations thai high-risk exposed but seronegative individu- 
als have significant HlV-specinc CTL responses (41. 42) which 
demonstrated memory responses without ongoing Infection. 
However, C64 and C135 were Infected 15 and 17 years ago, 
respectively, and since virus cannot be isolated by conventional 
techniques, we suspect that the lack of ongoing exposure'to 
replicating virus has caused CTL levels to decline. A similar 
situation has been described for an Individual who was infected 
with defective HiV-l for a similar length of time wlihout de- 
tectable plasma viremia and who showed a decline in CTTfc 
activity over time while retaining HIV- 1 -specific Antibody re- 
sponges (3). Additionally, wo have found that individuals who 
commence combination antlretrovlral therapy have declining 
activated CTL and CTLp levels in association with the drop in 
plasma viremia (32. 34, 3tf). Therefore, It is likely that HTV:.l 
infection in C64 and C135 is predominantly latent and does not 
provide sufficient stimulation to activate strong CTL responses; 
In fact, C135 has always displayed an Indeterminate Western 
blot pattern (4). In addition, C64 and C135 have the strongest 
proliferative responses in the SBBC (stimulation index and 
proliferative precursor cell levels) to p24 (unpublished results). 
A strong HlV-l-spccifie helper T-cell response in the HbseijCe 
of virus-driven immune activation (52) may be an alternative 
mechanism for containing viral replication (40) and may signify 
protective immunity in highly attenuated HIV-l Infection?.^ ■> 

As a final word of caution, while we previously demonstrated 
comparable immune function in the SBBC and In matched 
uninfected individuals (16), our recent follow-up of these ln^ 
dividual* suggests that slow disease progression may be occUr* 
ring in some members with detectable viral replication (29); 
Also, declining CTLp levels In C98 suggest that CTLs may fall 
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10 adequately control viral replication In the future. We sug- 
gest Ihut a potential vaccine candidate wOuKI require further 
attenuation than that in the natural SBBC viral strain. Regard- 
less of whether a prophylactic HIV vaccina contains ft live 
attenuated or otherwise modified strain of HIV-1, thU study 
emphasize* that An attenuated strain of HIV-t is capable of 
inducing suitainc J CTL responses, but whether such responses 
are cnpnljle of protecting against a wild-type HIV-1 challenge 
remains to be determined, ^y* 
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